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C7n We, MITSUBISHI CHEMICAL 
JSTRIES LTD., a Japanese Ctenpaiiy, 
of 5 — 2y Manmouchi 2^ome, Oiiyoc&^cu, 
Tokyo, J:^>an, do heod^ <ledarc ihe invention, 
for which we pray that a xratent may be granted 
to us and the method by it is to be 

peif oxmed, to be paiticulaiiy described in and 
by the fdlowing statement: — 

The present invoidon idates to a method of 
decomposing ammonia to fonn nitrogen and 
moie particulariy, it relates to a method of 
efEectivety removing ammonia in effluent gas 
1^ catalytic deoonqMsitian. 

In many cases^ ammonia is contained in 
effluent gas disdiaiged f ran an industrial pknt 
or a copying madiine. The dischacge of 
ammonia to the atmosjdieie causes pottution 
of the operational environment and also ex- 
ternal air polimioa 

It is qmte important to remove ammcnda 
from effluent gas. When Ae ammonia content 
in the discharged gas is relatively hig^, it is 
possible to apply an absorption method using 
dilute sulfuric add. 

However, when the ammonia content is 
relatively small and the total amotmt of tl^ 
dischaiged gas is large, it has not been pos^t^ 
to find a suitable method of removing ammonia 
efFect£veIy. In the fomier absorpdon method, 
treatment of die dischaiged waste scdution is 
leipiired. 

^ In an absoiption method using a molecidar 
sieve, it is loquiied to apply complicated st^ 
for reactivating the moleciilar sieve. The cost 
required for pnorification by these mediod^ is 
qmte high. 

It is known to use a method of catalytic de*- 
conqjosition of ammonia to form nitrt^en as 
the principal end product. 

In the known methods* the formation of 
toxic nitrogenous materials such as NO or NOa 
(h^inaf ter referred to as NOx) in the decom- 
position step is serious. In practice, these 
methods are insufiicicm as a detoxifying pro- 
cess. 

The inventor <rf tiie present invention 
attempted^ to provide a metiiod efficicntiy 
decomposing ammonia in waste gas to form 



nitrogen, and has found that ammonia can be 
easily decomposed to mtxo«n wltiioiic the 
formation of NO, by catalytic decomposition 
tising a specific catsdyst under sp&^ condi- 
tions, \diereby the waste gas can be detoodfied. 

It is an object of the present invention to 
provide a method of OKiaative decomposition 
of ammonia to form nitrogen by a relatively 
simple operation. 

It is another obiect of the invention to pn>- 
yide a method of treating an ammonia-contain- 
ing gas discharged from a laige size copying 
madiine. 

According to the invention there is pro- 
vided a mediod of decompoang ammonia to 
form nitrogen whidi comprises catalyticaUy 
contacting a gas mixture coiitauiing ammonia 
and o^en, the mdar lado of csygen to 
ammonia being 3:1 or more, with a rudiemum 
and/or a jHatinum catalyst at 150-^00*^0 
_ In the operation of the method of the inven- 
tion, the gas mixture containing anmonia and 
oxygen can be diluted widi an inert gas such as 
nitrogen. Inert gas means a gas which Is not 
active in the oxidation leacticm of ammonia. 

It is preferable to use the method with a 
^:as mixture containing a relatively anall 
ammonia content such as 2% or less by volume 
of the total gas and an oxygen content of 
1 — ^22% by voltune. 

When the molar ratio of oxygen to ammonia 
in an effluent gas is within the range of the 
invention, die effluent gas can be directly 
treated by t2ie me^od of the invention. 

The gas disdiarged from diasK>-type copying 
madiines such as those used for copying 
various documents, e.g. office papm and dip 
plans, usually contains less than 2% of 
ammonia, usually 500 — 3,000 ppBi of 
ammonia. 

The catalytic method of the invention can 
be dixecdy applied to such effluent gas. 

The platinum or ruthenium of the metal 
component of the catalyst used in the inven- 
tion is preferably supported on a carrier, such 
as one made of alumina, silica-alumina, silica, 
diatomaceous eardi, titania or zirconia. 

The production of NO. is dqiendent upon 
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the kind of carrier used for the platinum 
and/or ruthenium catalyst. 

Under the same conditUMis, the production 
of _ NO, increases in die order: o^alumina, 
snica-alumina (low alumina omtmt) y-alu- 
mina, silicaj silica-alumina (high alimiina con- 
tent). 

Accordingly, it is preferable to use o-alu- 
niina, y- alumina or silica-alumina (low 
alumina content) as die carrier from the view- 
point of inhibiting the formaticHi of NO,. 

The platinum and/or ruthenium supported 
on the carrier is usually in the zapge of 0.01— 
2V.. by weight of the carrier. 

The shape of the carrier can be honeysosnb^ 
^herical or pellet-like in shape. 

The catalyst supporting the platinum and/or 
ruthenium can be prepared by dipping the 
cairier in an aqueous solution containing a cata- 
lytic metal compound (e^ diloride) and re- 
ducing the compound with a reducing agent 
such as formaldehyde or hydrazine in the 
liquid phase, or reducing the dried compound 
in a hydrogen atmosphere. The resulting cata- 
lyst is active at 150 — 400**C, preferably 
150— 300°C, especially 180-^60"<1 

Below 150*C, the catalytic activity is in- 
sufficient and above 400^Q tiie fonnadon of 
NOx is too hig^ to attain die object of the 
invention. 

The catalyst used in the invention can be 
used with a gas flow at a space velocity of 
1000^100,000 hi-S preferably 5,000— 
40,000 hr~*. Even though sufficient anmionia 
conversion can be attained by contacting 
the gas with a platinum or a ruthenium 
catalyst used singly, it is more effective to 
combine the steps of contacting the gas first 
with a ruthenium catal3rst and dien with a 
platinum catalyst, as the formation of both 
NOx and N^O can be decreased. 

In a two step process of this invention, the 
nitlieniimi caialyst is used as the first cataljrst 



la3^r, wherein most of tiie ammonia is con- 
verted to nitrogen. 45 

However, the gjis passed from the first 
catalyst layer contains some by-product NOx. 

Accordingly, the gas is subsequently con- 
tacted vrith a platinum catalyst in the second 
catalyst layer to reduce the NOx with the le- 50 
maining ammonia to nitrogen. 

The mdar ratio of Wti^/NO^ in tiie gas fed 
to the second catalyst layer after die first cata- 
lytic reaction^ is preferably in a range of 
1 — 10:1. The temperature of each catalyst 55 
layer is selected from the range of 150^ 
400°C. It is convenient to employ a single 
reactor filled with ruthenium and platinum 
catalysts in two layers. 

The two step process of this invention has 60 
an advantage in reducing the formation <rf 
both NOx and N^O widdx would not be com" 
pletely avoided by using either a ruthenium or 
a platinum catalyst singly. 

As stated above, in accordance with ibe in- 55 
venticm, ammonia in an effluent gas can be 
effectively deoanposed to form nitriigen and 
water, whereby tiie gas containing anunonia 
can be detoxified and the operational environ- 
ment can be improved and ^ air pollution can 70 
bejoevented. 

The invention will be further illtistrated by 
zeference to examples. 

In the examines, ilic oonoentration 6t 
anmionia in the outiet gas discharged from the 75 
reactor was measured by cdlecting it in a 
dilute sulfuric add trap and analyzing by a 
titration method using mediyl orange as indi- 
cator. The concentration of N2O was measured 
by gas chromatography and the omoentration 80 
of NO, was measured by the chemilumines- 
cence method with a chemiluminescent NOx 
analyzer (nitrogen oxide analyzer CLM-201 
manufactured by Shimadzu Seisakusho K.K.). 
The NH3 conversion was calculated by the 85 
eqtiaticm 
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Example 1. 
20 ml of pellet-type <K-altmuna having a 

90 surface area of less than lOm^/g, a diameter 
of 3/16" and a length of 3/16" was immersed 
in 20 ml of an aqueous soltrdon containing 
0.893 g of chloroplatinic add at room tem- 
perature for 16 hours. After drying the pro- 

95 duct at 90**C for 2 hours, samples of die pro- 
duct were reduced in a hy dro ge n atmosx&ere 
at lOO^C, 200^0, 300-C and 400'*C respec- 
tivdy for 1 hour each, to give an o-alimiina 
catalyst supporting 05 wt.% of platiiwm. 
100 20 ml of the catalyst was diaiged to a reac- 
tor. Air containing 3,000 ppm of ammonia was 
introduced into the reactor at a race of 200 
1/hr, thus establishing a space velocity of 



10,000 h^-^ The outiet gas discharged from 
the reactor was sampled and analyzed and the 105 
catal3^c activity of the catalyst was measured. 
The results are shown in Table 1. 



'Exsmple 2. 

20 ml of pellet-tjrpc silica-alununa having a 
surface area of 400 m'/g, a diameter of 6 mm 
and length of 5 nun (composition 86 — 88% 
SiOs, 12—14% Al,Oa and less tiian 0.1% 
Fe^Os) was inunersed in 20 ml of an aqueous 
solution containing 0.392 g of diloroplatinic 
acid at room temperature for 16 hours. 

The product was treated in accordance with 
Example 1 to give a silica-alumina catalyst sup* 
porting 0.5 wt.% of platinum. The catalytic 
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activi^ of the resulting catalyse was measurcd 
by using 20 ml of the catalyst accoiding to 
Ihe procedures described in l^rample 1. The 
residts are shown in Table 1. 

^ Example 3. 

15 ml of spherical alumina having a surface 
area of 250—350 w?/g and a drametM* of 
4 — 6 nmi (composition 0^% NajO, 0.03% 
SiO,, 97.5-^98.7% Al.Os, 0.03% Fe^Oa and 

*W 1.0 — ^2.0% ignition loss) was immersed in 
20 ml of an aqueous solution containing 
0.172 g of diloroplatinic add and treated in 
accordance, with Example 1 to give a y-alu- 
mina catalyst supporting 0.5 wt.% of platinum. 

1^ 15 ml the catalyst was chaiged to a leac- 
tor. Air containing 2,700 ppm of NH3 was in- 
troduced to the gas inlet of the reactor at a 
rate of 150 1/hr, thus establi^tng a space 
velocity of 10,000 hr-\ The results of the 

™ ^^^2 of die gas disdiazged axe shown in 

Example 4. 
20 ml of pellet<-type sOica having a surface 
area of 150 mVg, a diameter of 6 mm and a 

25 heigjit of 5 mm (composition 93 — ^95% SiO-., 
p.5% 0.5% Fe^Os and 4—6% igm'tira 

loss) was immersed in 20 ml of an aqueous 
soluticm containing 0.31 g of chloropladnic 
acid and treated in accordance widi Example 1. 

30 The catEtlydc activity of the resulting cata- 
lyst is shown In Table 1. 

Example 5. 
The process of Example 1 was repeated 
using a pellet-type silica-alumina having a siu"- 
35 face area of 250 mVga a diameter of 6 mm 
and a length of 5 mm (composition of 73 — 
75% SiOa, 25—27% AI2O3 and less than 1% 
FezOa) instead of a-alumina. 
The catalytic activity of die resulting cata- 
^ lyst is diown in Table 1. 



Example 6. 
The process of Example 3 



was 



repeated 



using a pellet-type T^alumina catalyst sup- 
porting 0.5 WL% of ruthenium and having a 
diameter of 3 mm and a hdgltt of 3 mm. 45 

The catalytic activity of the resulting cata- 
lyst is shown in Table 1. 

Example 7. 

20 ml of die y-alumina used in Example 3 
was immersed in 20 ml of an aqueous s(^u- 50 
don containing 0.07 g of ddoroplatinic acid 
and 0.062 g of ruthenium chloride at room 
temperature for 16 hours, and was treated 
in accordance widi Example 3, to give a 7^ 
alumina catalyst supporting 0.2% of platinum 55 
and 0.1% of ruthenium. 

The catalytic activity of die lesulting cata- 
lyst was measured in accordance widi 
Example 3. 

The results are shown in Table 1. 60 

Example 8. 
10 ml of a y-alununa catalyst suf^orting 
0J% of ruthenitun (diameter ctf 3 mm and 
hei^t of 3 mm) prepared as in Eiounple 6 
was placed in a reactor as a first catalytic layer, (^5 
and 5 ml of Pt-honeycomb-type a-alumina 
cata])rst coated with y-alumina supporting 
0.3% of platinum was added as a second cata- 
lytic layer. 

The Pt-honeycomb-type catalyst was pre- 70 
pared by dip|Mng a hon^ccnnb carrier made 
of a-alumina in a y-alumina slurry and sinter- 
ing at 800— IjOOO^'C to give a-alumina carrier 
coated widi y-ahimina and dipping die carrier 
in an aqueous solution of chloroplatinic add 75 
and drying it and then reducing it to 300^C 
in a hydrogen atmo^here. 

Air containing 1,200 ppm of ammonia at 
200**C and 220*'C was introduced imo the 
reactor at a rate of 200 1/hr. go 

The outiet gas dischaxged from the reactor 
was sampled and analyzed and die catalsrtic 
acdvity of the catalyst was measmed. 

Hie results are shown in Table 1. 
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WHAT WE CLAIM IS:— 

1. A method of decomposing ammonia to 
fonn nitrogen which comprises catalytically 
cont&cdng a gas mixture containing ammonia 
and 05qrgen, the molar ratio of oxygen to 
ammonia being 3:1 or more, with a rutfaenitmi 
and/or a platinimi catalyst at 150^^00* C. 

2. A method as claimed in claim 1, wherein 
the gas mixture is catalytically contacted first 
with a ruthenium catalyst and then with a 
platinum catalyst. 

3. A method as claimed in daim 1 or claim 
2, wherein the amount of ammonia in fhs 
gas mixture is 2% or less by volume of the 
total gas, * 

4. A method as darned in any preoediqg 
daim, wherein the catalyst is used with a gas 
flow at a space velodty of l,00O-«100,00O 
hr^- 



5. A method as daimed in daims 2 to 4, 20 
wherein the molar ratio NH3/NO, in the gas 
after passing through the first catalyst layer is 

in the range 1 — 10:1. 

6. A mediod as daimed in any preceding 
daim, wherein the ruthenium and/or platinum 25 
is supported on a carrier in an amount within 

the range 0.01 — 2yi by wdg^t of the carrier. 

7. A method as daimed in daim 1 sub- 
standally as described herein with rdCerence 

to any <xie of the Examples. 50 
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